Introduction
In clinic studies, Chinese herb rhizoma curcumae had been found to have effect on pre-malignant lesion, especially on gastric diseases [1, 2] . The rhizoma curcumae decoction might inhibit gastric carcinoma cell proliferation and cause tumor cell death. Apoptosis plays a crucial role in the proliferation and turnover of cells in various tumors. It has been clear that its extent is often enhanced in tumor by many anticancer drugs, such as cytotoxic drugs, hormone, or some Chinese herbal medicine [3] [4] [5] . Researches indicated that Chinese herbs could enhance apoptosis of human gastric cancer grafted in mice [5, 6] .
Hypoxia-inducible factor-1a (HIF-1a) mediates hypoxic and non-hypoxic signaling pathways, and plays a crucial role in cancer progression. Over-expression of HIF-1α has been found in gastroenterological cancers and it is implicated in treatment resistance and poor prognosis in the hypoxic region around cancer [7] . Vascular endothelial growth factor (VEGF) has been proved to be a major inducer of angiogenesis, lymph angiogenesis and vasculogenesis in cancer [8] . The JAK/STAT3 signaling cascade play essential roles in promoting cancer cell survival, proliferation, angiogenesis and tumor metastasis [9] .
Based on the previous studies, we presumed whether the rhizoma curcumae could affect the apoptotic indices of gastric cancer grafted onto mice and the expression of VEGF-STAT3-HIF-1α signal transduction in gastric cancer, further confirming the anti-tumor mechanism of the Chinese herb rhizoma curcumae.
Materials and Methods
Mice and Antibody Reagents. Forty 6-8 weeks old female Kunming mice (weight 18-22 g) and a mice gastric carcinoma cell line MFC were obtained from the Fourth Military Medical University. The mice were subcutaneously grafted with the MFC cells. The tumor transplantation procedure was described previously. Rabbit anti-mouse HIF-1α, STAT3 and VEGF polyclonal antibody were purchased from Santa Cruz Biotechnology, Inc (Santa Cruz, CA, USA). EnVisionTM kits were purchased from Dako Corp (Carpinteria, CA, USA).
Drugs. The rhizoma curcumae decoction consists of Codonopsis pilosula (Franch) Nannf., Atractylodes macrocephala koidz, Poria cocos (Schw.) Wolf, Glycyrrhiza uralensis Fisch. The concentration of the rhizoma curcumae decoction was 240 g/L.
Administration. After grafting the mice were randomly divided into 4 groups, one control and the other three experimental groups assigned to receive the rhizoma curcumae decoction. Each animal in the three experimental groups was given 2.0mL, 1.0 mL and 0.5mL of the rhizoma curcumae decoction by gastric perfusion every day over a 60-day period beginning at 1st day after grafting. The control animals received normal saline according to the same schedule. Animals were killed 61 days after being grafted.
Assessment of Tumor Growth. The effect of therapy was assessed by two ways: (1) tumor size was measured twice a week by multiplying two perpendicular diameters. (2) tumor weight was determined immediately by electron balance after the animals were killed. The tumor tissues were fixed in 10% formalin, embedded in paraffin and cut into 5μm sections coated on the slides for staining.
Detection of Apoptosis. For detection of apoptotic cells, apoptotic indices were examined by the terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate fluorescence nick end labeling (TUNEL) method and flow cytometry analysis. (1) TUNEL: In situ cell death detection Kit POD (Roche Applied Science, Indianapolis, USA) was used to detect the apoptotic cell. The procedures were referred to the kit protocol. The positive cells were identified, counted and analyzed under the light microscope. Non-necrotic zone was selected in the tissue section and images were sent to computer by AEC camera (ZEISS, Jena, Germany). 10 image at least 1000 cells were selected on the screen, positive ratio analyzed by KS400 Video Image Digital Analysis System (ZEISS, Jena, Germany). (2) Flow cytometry analysis: Propidium iodide (PI) staining was used for flow cytometry detection of apoptosis. 10 6 cells from each of the sample were treated with RNase and stained with PI. The apoptotic cells having DNA strand breaks that had been labeled were measured on a flow cytometer (FACSCalibur, Becton Dickinson, USA). The data from 10 6 cells/sample were collected, stored, and analyzed using CELLQUEST (Becton Dickinson USA) and ModFIT LT for mac V1.01 software (Becton Dickinson, USA).
Immunostaining Methods. All sections were deparaffinized and rehydrated with graded alcohols. Endogenous peroxidase was then blocked with 3 mL/L H2O2 diluted in methanol for 30 min at room temperature. Antigen retrieval was performed by treating the slides in citrate buffer in a microwave for 10 min. The slides were incubated in a moist chamber with HIF-1α, STAT3 or VEGF rabbit polyclonal antibody (1:100) at 4℃ overnight. After a complete wash in phosphate buffered saline (PBS), the slides were incubated with horseradish peroxidase labeled goat antimouse antibody (1:100) for 45 min at 37℃. After a complete wash in PBS, the slides were developed in 0.5g/L freshly prepared 3,3'-diaminobenzedine solution (DAB, Sigma Co, St.Louis, Mo, USA) for 8 min, and then counterstained with hematoxylin, dehydrated, air dried, and mounted. Normal mouse IgG was used to substitute for the primary antibody as a negative control. Only distinctive intranuclear or intra-cytoplasm immunoreactivity was considered positive. In each case, more than 1000 cells were counted and the percentage of immunoreactivity was independently determined. Image J analysis software was used to acquire the optical density data from the staining sections.
Statistical Analysis. All data were showed as means ± S.D. The apoptosis indexes were assessed by χ 2 test. The Student's t test was conducted to explain the significant differences between tumor volumes of each animal group. Statistically significance was considered as P < 0.05.
Results

Inhibition of Tumor Growth by Rhizoma Curcumae Decoction.
Compared with the control group, tumor growth (size and weight) was significantly inhibited by treatment with the rhizoma curcumae decoction (P<0.05, Table 1 ). The results showed that the higher the concentration of rhizoma curcumae decoction, the less the tumor weight and size. There was a significant difference between the rhizoma curcumae and control group. Expression of VEGF, STAT3 and HIF-1α in Gastric Cancers. HIF-1α, STAT3 and VEGF immunoreactivities were detected in 40 mice gastric tumors. HIF-1α proteins were mainly presenting a nuclei staining, while STAT3 and VEGF mainly stained in the cell cytoplasm. The optical density (OD) value of HIF-1α, STAT3 and VEGF in rhizoma curcumae herbs treated groups were significantly lower than that in control (P < 0.05, Table 3 ). 
Discussion
Most concerns have focused on cancer immunity which aims to elicit hosts' immune protection against tumor cells. 80% of primary liver cancers express a high rate of alpha-fetoprotein (AFP), which may act as a target for cancer therapy [3] [4] [5] . AFP is an oncofetal antigen during HCC progression which could induce weak reproducible antitumor effect. Therefore, a vaccine specifically targeting AFP is desirable. AFP oncofetal antigen is essential to the promotion and maintenance of cancer cell transformation, which could be an ideal target antigen for AFP vaccine [6, 7] . However, AFP immunization has been restricted by improper antigen-specific immune reaction. Therefore, therapies to generate more potential immunotherapy need to be completely explored.
Gastric carcinoma is one of the most common malignant gastrointestinal carcinoma in the world. At present gastric carcinoma is still detected later in most patients throughout the world, and even with curative resection, they remain at a high risk of relapse and mortality. Thus, there is a great need for effective adjuvant therapy for patients with gastric carcinoma. Our previous clinic studies suggested that Chinese herbal recipe rhizoma curcumae have therapeutic effects on gastric premalignant lesion, with increasing the reversal of the atrophic gastritis, decreasing the recurrence and improving the life quality [1, 2] . Because of its lower toxic side-effect compared with chemical therapy, it is worth to make a further research on its anti-cancer mechanism.
Similar to the other malignant tumors, gastric carcinoma is always accompanying with abnormal cell proliferation and differentiation, as well as with abnormal apoptosis [5, 6] . The enhanced induction of apoptosis in human gastric carcinoma cells can be observed after treatment with 5-Fluorouracil, Cisplatin, arsenous oxide and so on [5, 6, 10] . These data suggest that inducing cancer cell apoptosis should be a therapeutic method for gastric carcinoma. The present study indicated that tumor growth was significantly inhibited by treatment with the rhizoma curcumae decoction. TUNEL method and cytometry analysis clarified that rhizoma curcumae decoction could enhance apoptosis. The results suggest that the mechanism of the inhibition of gastric cancer cells in vivo by rhizoma curcumae herbs is related with inducing apoptosis.
The VEGF-STAT3-HIF-1α signal transduction pathway plays an important role in the development and progression of gastrointestinal cancers [11] . Our results suggested that rhizoma curcumae herbs could down-regulate the expression of VEGF-STAT3-HIF-1α signal transduction proteins in gastric cancer, thus inhibiting the growth of tumor cells.
Summary
In conclusion, rhizoma curcumae decoction inhibited gastric cancer cell growth. The anti-tumor effect of rhizoma curcumae herbs lies in inducing gastric cancer cells apoptosis and downregulating the expression of VEGF-STAT3-HIF-1α signal transduction protein in tumor cells. The detailed molecular mechanism of rhizoma curcumae herbs inhibiting gastric cancer cells still needs further investigation. 
